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METHOD AND APPARATUS FOR
CONVERTING MMTP STREAM TO
MPEG-2TS

CROSS-REFERENCE TO RELATED
APPLICATION(S) AND CLAIM OF PRIORITY

This application claims priority under 35 U.S.C. § 119(e)
to U.S. Provisional Patent Application No. 62/115,953, filed
Feb. 13, 2015, entitled “METHOD AND APPARATUS FOR
CONVERTING MMTP STREAM TO MPEG-2 TS.” The
above-identified provisional patent application is hereby
incorporated by reference in its entirety. The present appli-
cation also claims priority to U.S. Provisional Patent Appli-
cation Ser. No. 62/117,212, filed Feb. 17, 2015, entitled
“METHOD AND APPARATUS FOR CONVERTING
MMTP STREAM TO MPEG-2 TS.” The content of the
above-identified patent document is incorporated herein by
reference

TECHNICAL FIELD

This disclosure relates generally to media data conver-
sion. More specifically, this disclosure relates to a conver-
sion of moving picture experts group (MPEG) media trans-
port protocol (MMTP) format into a MPEG-2 transport
stream (TS).

BACKGROUND

MMT is a digital container standard or format that speci-
fies technologies for the delivery of coded media data for
multimedia service over heterogeneous IP network environ-
ments. The delivered coded media data includes both audio-
visual media data requiring synchronized decoding and
presentation of a specific unit of data in a designated time,
namely timed data, and other types of data that are decoded
and presented in an arbitrary time based on the context of
service or interaction by the user, namely non-timed data.

MMTP has been adopted by Japanese broadcast industry
for Super Hi Vision and has been also selected as one of
standards for development of the next generation broadcast
standard by Advanced Television Systems Committee
(ATSC). As there are many broadcast infrastructures and
services still using MPEG-2 TS, there might be cases that
MPEG-2 T8 is converted to MMT Protocol stream and vice
versa. One example is redistribution of MMTP based ter-
restrial broadcast content to cable TV services using
MPEG-2 TS.

SUMMARY

Embodiments of the present disclosure provide a method
and an apparatus for converting moving picture expert group
(MPEG) media transport (MMT) stream into a MPEG-2
transport stream (TS).

In one embodiment, a method for converting a MMT
stream into a MPEG-2 TS. The method including applying
restrictions to MMTP packets for an MMTP stream. The
method also includes converting a presentation time and
decoding time from a coordinated universal time (UTC)
based absolute time to a program clock reference time
(PCR) based value. The method further includes, when
converting the MMTP stream to the MPEG-2 TS, construct-
ing the MMTP stream based on MPEG-2 TS rules when
without adding or removing data by using a hypothetical
receiver buffer model (HRBM). Additionally, the method
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includes determining values of MPEG-2 TS packet fields of
a TS packet layer, an adaptation field and Packetized
Elementary Stream (PES) packets from values of the MMTP
packets

In another embodiment, an apparatus for converting a
MMT stream into a MPEG-2 TS is provided. The apparatus
includes processing circuitry configured to apply restrictions
to MMTP packets for the MMTP stream. The processing
circuitry is also configured to convert a presentation time
and decoding time from a coordinated universal time (UTC)
based absolute time to a program clock reference time
(PCR) based value. The processing circuitry is further
configured to, when converting the MMTP stream to the
MPEG-2 TS, construct the MMTP stream based on MPEG-2
TS rules without adding or removing data by using a
hypothetical receiver buffer model (HRBM). Additionally,
the processing circuitry is configured to determine values of
MPEG-2 TS packet fields of a TS packet layer, an adaptation
field and PES packets from values of the MMTP packets.

Other technical features may be readily apparent to one
skilled in the art from the following figures, descriptions,
and claims.

Before undertaking the DETAILED DESCRIPTION
below, it may be advantageous to set forth definitions of
certain words and phrases used throughout this patent docu-
ment. The term “couple” and its derivatives refer to any
direct or indirect communication between two or more
elements, whether or not those elements are in physical
contact with one another. The terms “transmit,” “receive,”
and “communicate,” as well as derivatives thereof, encom-
pass both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof,
mean inclusion without limitation. The term “or” is inclu-
sive, meaning and/or. The phrase “associated with,” as well
as derivatives thereof, means to include, be included within,
interconnect with, contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, have a relationship to or with,
or the like. The term “controller” means any device, system
or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combina-
tion of hardware and software and/or firmware. The func-
tionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The
phrase “at least one of,” when used with a list of items,
means that different combinations of one or more of the
listed items may be used, and only one item in the list may
be needed. For example, “at least one of: A, B, and C”
includes any of the following combinations: A, B, C, A and
B,Aand C, B and C, and A and B and C.

Moreover, various functions described below can be
implemented or supported by one or more computer pro-
grams, each of which is formed from computer readable
program code and embodied in a computer readable
medium. The terms “application” and “program” refer to
one or more computer programs, software components, sets
of instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for
implementation in a suitable computer readable program
code. The phrase “computer readable program code”
includes any type of computer code, including source code,
object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of
being accessed by a computer, such as read only memory
(ROM), random access memory (RAM), a hard disk drive,
a compact disc (CD), a digital video disc (DVD), or any
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other type of memory. A “non-transitory” computer readable
medium excludes wired, wireless, optical, or other commu-
nication links that transport transitory electrical or other
signals. A non-transitory computer readable medium
includes media where data can be permanently stored and
media where data can be stored and later overwritten, such
as a rewritable optical disc or an erasable memory device.

Definitions for other certain words and phrases are pro-
vided throughout this patent document. Those of ordinary
skill in the art should understand that in many if not most
instances, such definitions apply to prior as well as future
uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an example computing system according
to various embodiments of the present disclosure;

FIGS. 2 and 3 illustrate example devices in a computing
system according to various embodiments of the present
disclosure;

FIG. 4 illustrates an exemplary diagram of packetization
of timed media data in accordance with various embodi-
ments of the present disclosure;

FIG. 5 illustrates a relationship between a hypothetical
receiver buffer model (HRBM) and MPEG-2 T-STD accord-
ing to various embodiments of this disclosure; and

FIG. 6 illustrates a process for converting an MMTP
stream to an MPEG-2 TS according to various embodiments
of this disclosure.

DETAILED DESCRIPTION

FIGS. 1 through 6, discussed below, and the various
embodiments used to describe the principles of the present
disclosure in this patent document are by way of illustration
only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of the present disclosure may be
implemented in any suitably arranged system or device.

MMTP packets carry various data including metadata and
signaling messages as depicted in the figure below. Payload
data of MMTP packets carrying metadata are processed to
generate appropriate MPEG-2 Section data or the values of
the fields in the MPEG-2 TS packets or the PES packets.
Payload data of MMTP packets carrying MFU data, i.e. the
MMTP packets with the value of the FT field is ‘2°, are
converted to PES packets.

FIG. 1 illustrates an example computing system 100
according to this disclosure. The embodiment of the com-
puting system 100 shown in FIG. 1 is for illustration only.
Other embodiments of the computing system 100 could be
used without departing from the scope of this disclosure.

As shown in FIG. 1, the system 100 includes a network
102, which facilitates communication between various com-
ponents in the system 100. For example, the network 102
may communicate internet protocol (IP) packets, frame
relay frames, asynchronous transfer mode (ATM) cells, or
other information between network addresses. The network
102 may include one or more local area networks (LANs),
metropolitan area networks (MANSs), wide area networks

10

15

20

25

30

35

40

45

50

55

60

65

4

(WANS), all or a portion of a global network such as the
Internet, or any other communication system or systems at
one or more locations.

The network 102 facilitates communications between at
least one server 104 and various client devices 106-114.
Each server 104 includes any suitable computing or pro-
cessing device that can provide computing services for one
or more client devices. Each server 104 could, for example,
include one or more processing devices, one or more memo-
ries storing instructions and data, and one or more network
interfaces facilitating communication over the network 102.

Each client device 106-114 represents any suitable com-
puting or processing device that interacts with at least one
server or other computing device(s) over the network 102. In
this example, the client devices 106-114 include a desktop
computer 106, a mobile telephone or smartphone 108, a
personal digital assistant (PDA) 110, a laptop computer 112,
and a tablet computer 114. However, any other or additional
client devices could be used in the computing system 100.

In this example, some client devices 108-114 communi-
cate indirectly with the network 102. For example, the client
devices 108-110 communicate via one or more base stations
116, such as cellular base stations or eNodeBs. Also, the
client devices 112-114 communicate via one or more wire-
less access points 118, such as IEEE 802.11 wireless access
points. Note that these are for illustration only and that each
client device could communicate directly with the network
102 or indirectly with the network 102 via any suitable
intermediate device(s) or network(s).

In this illustrative embodiment, computing system 100
provides conversion of MMTP stream to MPEG-2 TS, as
will be discussed in greater detail below. For example, server
104 or client devices 108-114 may provide for conversion of
MMTP stream to MPEG-2 TS.

Although FIG. 1 illustrates one example of a computing
system 100, various changes may be made to FIG. 1. For
example, the system 100 could include any number of each
component in any suitable arrangement. In general, com-
puting and communication systems come in a wide variety
of configurations, and FIG. 1 does not limit the scope of this
disclosure to any particular configuration. While FIG. 1
illustrates one operational environment in which various
features disclosed in this patent document can be used, these
features could be used in any other suitable system.

FIGS. 2 and 3 illustrate example devices in a computing
system according to this disclosure. In particular, FIG. 2
illustrates an example server 200, and FIG. 3 illustrates an
example client device 300. The server 200 could represent
the server 104 in FIG. 1, and the client device 300 could
represent one or more of the client devices 106-114 in FIG.
1.

As shown in FIG. 2, the server 200 includes a bus system
205, which supports communication between one or more
processors 210, at least one storage device 215, at least one
communications unit 220, and at least one input/output (1/O)
unit 225.

The processor(s) 210 execute instructions that may be
loaded into a memory 230. The processor(s) 210 may
include any suitable number(s) and type(s) of processors or
other devices in any suitable arrangement. Example types of
processor(s) 210 include microprocessors, microcontrollers,
digital signal processors, field programmable gate arrays,
application specific integrated circuits, and discreet cir-
cuitry. The processor(s) 210 is configured to perform opera-
tions for unlocking an electronic device with an authenti-
cated wearable device.
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The memory 230 and a persistent storage 235 are
examples of storage devices 215, which represent any struc-
ture(s) capable of storing and facilitating retrieval of infor-
mation (such as data, program code, and/or other suitable
information on a temporary or permanent basis). The
memory 230 may represent a random access memory or any
other suitable volatile or non-volatile storage device(s). The
persistent storage 235 may contain one or more components
or devices supporting longer-term storage of data, such as a
ready only memory, hard drive, Flash memory, or optical
disc.

The communications unit 220 supports communications
with other systems or devices. For example, the communi-
cations unit 220 could include a network interface card or a
wireless transceiver facilitating communications over the
network 102. The communications unit 220 may support
communications through any suitable physical or wireless
communication link(s).

The I/O unit 225 allows for input and output of data. For
example, the I/O unit 225 may provide a connection for user
input through a keyboard, mouse, keypad, touchscreen, or
other suitable input device. The I/O unit 225 may also send
output to a display, printer, or other suitable output device.

In this illustrative embodiment, server 200 may imple-
ment an apparatus that provides conversion of MMTP
stream to MPEG-2 TS, as will be discussed in greater detail
below. Note that while FIG. 2 is described as representing
the server 104 of FIG. 1, the same or similar structure could
be used in one or more of the client devices 106-114. For
example, a laptop or desktop computer could have the same
or similar structure as that shown in FIG. 2.

As shown in FIG. 3, the client device 300 includes an
antenna 305, a radio frequency (RF) transceiver 310, trans-
mit (TX) processing circuitry 315, a microphone 320, and
receive (RX) processing circuitry 325. The client device 300
also includes a speaker 330, a one or more processors 340,
an input/output (I/0) interface (IF) 345, a touchscreen 350,
a display 355, and a memory 360. The memory 360 includes
a basic operating system (OS) program 361 and one or more
applications 362.

The RF transceiver 310 receives, from the antenna 305, an
incoming RF signal transmitted by another component in a
system. The RF transceiver 310 down-converts the incom-
ing RF signal to generate an intermediate frequency (IF) or
baseband signal. The IF or baseband signal is sent to the RX
processing circuitry 325, which generates a processed base-
band signal by filtering, decoding, and/or digitizing the
baseband or IF signal. The RX processing circuitry 325
transmits the processed baseband signal to the speaker 330
(such as for voice data) or to the processor(s) 340 for further
processing (such as for web browsing data).

The TX processing circuitry 315 receives analog or digital
voice data from the microphone 320 or other outgoing
baseband data (such as web data, e-mail, or interactive video
game data) from the processor(s) 340. The TX processing
circuitry 315 encodes, multiplexes, and/or digitizes the
outgoing baseband data to generate a processed baseband or
IF signal. The RF transceiver 310 receives the outgoing
processed baseband or IF signal from the TX processing
circuitry 315 and up-converts the baseband or IF signal to an
RF signal that is transmitted via the antenna 305.

The processor(s) 340 can include one or more processors
or other processing devices and execute the basic OS
program 361 stored in the memory 360 in order to control
the overall operation of the client device 300. For example,
the processor(s) 340 could control the reception of forward
channel signals and the transmission of reverse channel
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signals by the RF transceiver 310, the RX processing
circuitry 325, and the TX processing circuitry 315 in accor-
dance with well-known principles. In some embodiments,
the processor(s) 340 includes at least one microprocessor or
microcontroller.

The processor(s) 340 is also capable of executing other
processes and programs resident in the memory 360, such as
operations for converting a MMT stream into a MPEG-2 TS.
The processor(s) 340 can move data into or out of the
memory 360 as required by an executing process. In some
embodiments, the processor(s) 340 is configured to execute
the applications 362 based on the OS program 361 or in
response to signals received from external devices or an
operator. The processor(s) 340 is also coupled to the /O
interface 345, which provides the client device 300 with the
ability to connect to other devices such as laptop computers
and handheld computers. The /O interface 345 is the
communication path between these accessories and the
processor(s) 340.

The processor(s) 340 is also coupled to the touchscreen
350 and the display unit 355. The operator of the client
device 300 can use the touchscreen 350 to enter data into the
client device 300. The display 355 may be a liquid crystal
display or other display capable of rendering text and/or at
least limited graphics, such as from web sites.

The memory 360 is coupled to the processor(s) 340. Part
of the memory 360 could include a random access memory
(RAM), and another part of the memory 360 could include
a Flash memory or other read-only memory (ROM).

As will be discussed in greater detail below, in this
illustrative embodiment, client device 300 implements an
apparatus that receives encoded videos from server 104 over
network 102 and conversion of MMTP stream to MPEG-2
TS. Although FIGS. 2 and 3 illustrate examples of devices
in a computing system, various changes may be made to
FIGS. 2 and 3. For example, various components in FIGS.
2 and 3 could be combined, further subdivided, or omitted
and additional components could be added according to
particular needs. As a particular example, the processor(s)
340 could be divided into multiple processors, such as one
or more central processing units (CPUs) and one or more
graphics processing units (GPUs). Also, while FIG. 3 illus-
trates the client device 300 configured as a mobile telephone
or smartphone, client devices could be configured to operate
as other types of mobile or stationary devices. In addition, as
with computing and communication networks, client
devices and servers can come in a wide variety of configu-
rations, and FIGS. 2 and 3 do not limit this disclosure to any
particular client device or server.

FIG. 4 illustrates an exemplary diagram 400 of packeti-
zation of timed media data in accordance with various
embodiments of the present disclosure. The packetization of
an media processing unit (MPU) that contains timed media
may be performed in an MPU format-aware and/or MPU
format agnostic mode. In the MPU format agnostic mode,
the MPU is packetized into data units of equal size (except
for the last data unit, of which the size may differ) or a
predefined size according to the size of MTU of the under-
lying delivery network by using generic file delivery (GFD).
In other words, the packetization of the MPU format agnos-
tic mode may only consider the size of data to be carried in
the packet. The type field for the MMTP packet header is set
to 0x00 to indicate that the packetization is format agnostic
mode.

In the MPU format-aware mode the packetization proce-
dure takes into account the boundaries of different types of
data in MPU to generate packets by using MPU mode. The
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resulting packets carry delivery data units of either MPU
metadata, movie fragment metadata, or MFU. The resulting
packets may not carry more than two different types of
delivery data units. The delivery data unit of MPU metadata
is assigned the DU_type 0x01. The MPU metadata includes
the ‘ftyp’ box, the ‘mmpu’ box, the ‘moov’ box, and any
other boxes that are applied to the whole MPU. The delivery
data unit of movie fragment metadata consists of the ‘moof”
box and the ‘mdat’ box header (excluding any media data)
and is assigned the DU_type 0x02. The media data, MFUs
in mdat box of MPU, is then split into multiple delivery data
units of MFU in a format aware way. This may, for example,
be performed with the help of the MMT hint track. The MFU
may include 1) only media data, 2) media data with a
sequence number, and 3) media data with some control
information. Each MFU is prepended the MFU header,
which has the syntax and semantics. The MFU header is
followed by the media data of the MFU.

FIG. 5 illustrates a relationship between a hypothetical
receiver buffer model (HRBM) and MPEG-2 T-STD accord-
ing to various embodiments of this disclosure.

The relationship between HRBM and MPEG-2 T-STD
can be conceptually represented in FIG. 5. In FIG. 5, there
is no processing delay added by MMTP to MPEG-2 TS
converter 510. The MMTP to MPEG-2 TS converter 510
reads reconstructed media data from MMTP decapsulation
buffer 505 with fixed rate, R and delivers MPEG-2 TS
packets to the transport buffer (IB,,) 515 with fixed rate R,,
where R, is the rate increased from R by fixed amount due
to MPEG-2 TS packet header overhead introduced by a
conversion operation. The TB,, 515 is emptied each second,
so at each second there is no more media data in the MMTP
decapsulation buffer 505 available for conversion operation
before the data from the next MMTP packet is delivered to
MMTP decapsulation buffer 505.

The MMTP decapsulation buffer 505 de-packetizes the
MMTP packets received and reconstructs MPUs. The recon-
structed MPUs are delivered to the MMTP to MPEG02 TS
converter 510. Additional details of MMTP packet process-
ing and the fixed end-to-end delay of the HRBM may be
found in US Patent Application Number 2014/0098811 filed
Oct. 8, 2013, entitled “METHOD AND APPARATUS FOR
MEDIA DATA DELIVERY CONTROL,” which is incor-
porated by reference herein.

FIG. 6 illustrates a process 600 for converting an MMTP
stream to an MPEG-2 TS according to various embodiments
of this disclosure.

In operation 605, the system applies restrictions to MMTP
packets for an MMTP stream. MMTP allows a highly
flexible operation. Many fields of MMTP packets with wide
range of values are allowed and many features are configu-
rable in various ways. As the fields of the MMTP packets
can be beyond the operation range of MPEG-2 TS, restric-
tions are applied to MMTP streams to ensure efficient
conversion into MPEG-2 TS. One restriction of the MMTP
packets is that media track data includes codec initialization
information. For example, MPUs carrying advanced video
coding (AVC) video bitstream carry all sequence and picture
parameter sets (SPS and PPS) necessary for decoding the
AVC video stream within that AVC video stream. Another
example of a restriction of the MMTP packets is that a value
of'a packet_id field of the MMTP packets is between 0x0010
and Ox1FFE.

In operation 610, the system converts a presentation time
and decoding time from a coordinated universal time (UTC)
based absolute time to a program clock reference time
(PCR) based value. In MMTP stream, presentation time and
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decoding time are represented as wall clock time, i.e. UTC
based absolute time. As presentation time and decoding time
in MPEG-2 TS are represented by using PCR as a clock
reference, presentation time and decoding time of media
data carried by the MMTP stream are converted to PCR
based values. For the conversion, the UTC based presenta-
tion time and decoding time of media data carried by MMTP
are calculated by combining a value specified in a MPU-
_timestamp_descriptor that provides a presentation time of
an earliest sample in a media processing unit (MPU) in
presentation order and a composition time relative to an
earliest sample in the MPU in presentation order known by
a movie fragment box data. The presentation time and
decoding time in UTC are converted to presentation time
and decoding time referencing PCR. Considering the clock
of the client processing MPEG-2 TS is locked to the clock
of the sender, presentation time and decoding time can be
calculated by using following formulas:

Pyrc (eq- 1)

-7
ZUTC T TUTC o 90,000

Ppcr = Tper + 3

Dyrc — Tyrc (eq. 2)

S X 90.000

Dpcr = Tpcr +

where T, is a value of a current PCR sample in 90 KHz,
T, 7c 1s a value of a current time in UTC, P, is a value of
a presentation time of a media data in 90 KHz, P, is a
value of a presentation time in UTC, D, is a value of a
decoding time of a media data in 90 KHz referencing PCR,
and D7 is a value of a decoding time in UTC.

In operation 615, the system constructs the MMTP stream
to comply with MPEG-2 TS rules when converted to
MPEG-2 TS without adding or removing data by using a
HRBM. As MPEG-2 TS complies to the rules regarding
MPEG-2 T-STD, the MMTP stream must be constructed in
a way that the MPEG-2 TS converted from the MMTP
stream complies to MPEG-2 TS rules without adding or
removing data by using HRBM of MMT. As HRBM allows
precise control of distance between MMTP packets, in other
words when the media data of each MMTP packets available
to the next entity connected to HRBM buffers, the MMTP
stream is constructed to meet such requirement by deciding
a timestamp of each MMTP packets appropriately by using
HRBM. The relationship between HRBM and MPEG-2
T-STD can be conceptually represented as FIG. 5. In FIG. 5,
there is no processing delay added by the MMTP to
MPEG-2 TS converter. The MMTP to MPEG-2 TS con-
verter reads reconstructed media data from MMTP decap-
sulation buffer with a fixed rate, R, and delivers MPEG-2
TS packets to TB,, with fixed rate, R,,, where R, is the rate
increased from R, by fixed amount due to MPEG-2 TS
packet header overhead introduced by conversion operation.
As the TB, requires being empty each second, at each
second there is no media data in MMTP decapsulation buffer
available for conversion operation before the data from the
next MMTP packet is delivered to the MMTP decapsulation
buffer.

In operation 620, the system determines the values of the
MPEG-2 TS packet fields in the TS packet layer, adaptation
field, and the PES packets from values of the MMTP
packets. The tables below provide basic rules to determine
the value of the fields of MPEG-2 TS packet and PES
packets. The value of the fields not specified in the tables
below may not be directly determined from the values of the
fields of MMTP packets or signaling information, but deter-
mined according to semantics defined in ISO/IEC 13818-1.
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MPEG-2 TS packet flelds
in TS packet layer Rule for conversion from MMTP packets

payload__unit_start_indicator The value of this field is set to 1" if the TS packet is the first packet
converted from the MMTP packet with the value of the f_i field is

either ‘00” or ‘01°

transport__priority The value of this field is set to 1’ if the TS packet is converted
from the MMTP packets with the priority field is smaller than a
certain threshold value set by conversion system. If the threshold
value is not provided by conversion system then the TS packet
generated from the MMTP packet with the value of the priority

fleld is *0” is set to “1°.

PID The value of this field is set to the same value of the packet id field
of the MMTP packet used to generate this TS packet.

MPEG-2 TS packet flelds
in adaptation field Rules for conversion from MMTP packets

random__access_indicator  The value of this fleld is set to ‘1” if the MPEG-2 TS packet is the
first packet generated from a MMTP packet with the value of the R

fleld is <1°

elementary_ stream_ prior- The value of this field is set to ‘1’ if the TS packet is converted

ity_indicator from the MMTP packets with the priority field is smaller than a
certain threshold value set by conversion system. If the threshold
value is not provided by conversion system then the TS packet
generated from the MMTP packet with the value of the priority

fleld is *0” is set to “1°.

MPEG-2 TS packet field
in PES packet Rules for conversion from MMTP packets

stream__id The value of this field is determined by the value of the asset_type

fleld of MP table

PES_ priority The value of this field is set to 1’ if the TS packet is converted
from the MMTP packets with the priority field is smaller than a
certain threshold value set by conversion system. If the threshold
value is not provided by conversion system then the TS packet
generated from the MMTP packet with the value of the priority

field is “0” is set to ‘1.
data_ alignment_ indicator ~The value of this field is set to ‘1’

PTS The value of this field is calculated from composition time of
media data. The value of Pp in section Error! Reference source

not found. is used

DTS The value of this field is calculated from decoding time of media
data. The value of Dp5 in section Error! Reference source not

found. is used.

Although FIG. 6 illustrates examples of a processes for
conversion of an MMTP stream to a MPEG-2 TS, respec-
tively, various changes could be made to FIG. 6. For
example, while shown as a series of steps, various steps in
each figure could overlap, occur in parallel, occur in a
different order, or occur multiple times.

Although the present disclosure has been described with
an exemplary embodiment, various changes and modifica-
tions may be suggested to one skilled in the art. It is intended
that the present disclosure encompass such changes and
modifications as fall within the scope of the appended
claims.

None of the description in this application should be read
as implying that any particular element, step, or function is
an essential element that must be included in the claim
scope. The scope of patented subject matter is defined only
by the claims. Moreover, none of the claims is intended to
invoke 35 U.S.C. § 112(f) unless the exact words “means
for” are followed by a participle.

What is claimed is:

1. A method for converting a moving picture expert group
(MPEG) media transport protocol (MMTP) stream into a
MPEG-2 transport stream (TS), the method comprising:
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applying restrictions to MMTP packets for the MMTP

stream;

converting a presentation time and decoding time from a

coordinated universal time (UTC) based absolute time
to a program clock reference time (PCR) based value;
when converting the MMTP stream to the MPEG-2 TS,
constructing the MMTP stream based on MPEG-2 TS
rules without adding or removing data by using a
hypothetical receiver buffer model (HRBM);
determining, according to conversion rules using values
of the MMTP packets, (i) values of MPEG-2 TS packet
fields of a TS packet layer, (ii) an adaptation field, and
(iii) packetized elementary stream (PES) packets; and
setting the values of the MPEG-2 TS packet fields of the
TS packet layer according to the conversion rules.

2. The method of claim 1, wherein one of the restrictions
applied to the MMTP packets is that media track data
includes codec initialization information.

3. The method of claim 1, wherein one of the restrictions
applied to the MMTP packets is that a value of a packet_id
field of the MMTP packets is between 0x0010 and Ox1FFE.
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4. The method of claim 1, wherein converting the pre-
sentation time and the decoding time comprises combining
a value specified in a MPU_timestamp_descriptor that pro-
vides a presentation time of an earliest sample in a media
processing unit (MPU) in presentation order and a compo-
sition time relative to an earliest sample in the MPU in
presentation order known by a movie fragment box data.

5. The method of claim 4, wherein converting the pre-
sentation time and the decoding time further comprises
calculating the presentation time and the decoding time
using

Pyrc = Turc

S X 90,000 and

Ppcr = Tper +
Dyrc — Turc

S X 90000

Dpcg = Tper +

where T, is a value of a current PCR sample in 90 KHz,
T 7 1s a value of a current time in UTC, P, is a
value of a presentation time of a media data in 90 KHz,
P 7 1s a value of a presentation time in UTC, D is
a value of a decoding time of a media data in 90 KHz
referencing PCR, and D, is a value of a decoding
time in UTC.

6. The method of claim 1, further comprising:

reading reconstructed media data from an MMTP decap-

sulation buffer with a fixed rate, R; and
delivering MPEG-2TS packets to a transport buffer (TB,))
with a fixed rate R,

wherein R, is a rate increased from R . by a fixed amount
due to a MPEG-2 TS packet header overhead deter-
mined by the conversion of the presentation time and
the decoding time.
7. The method of claim 6, wherein the MMTP decapsu-
lation buffer is empty at each second before the data from a
next MMTP packet is delivered for conversion to the MM TP
decapsulation buffer.
8. The method of claim 1, wherein setting the values of
the MPEG-2 TS packet fields of the TS packet layer com-
prises:
setting a payload_unit_start_indicator field to a value of
‘1’ when the MPEG-2 TS packet is a first packet
converted from the MMTP packets with a value in an
f i field is either ‘00’ or 017,

setting a transport_priority field to a value of ‘1” when the
MPEG-2 TS packet is converted from the MMTP
packets with a priority field smaller than a threshold
value; and

setting a packet_id (PID) field to a value of a packet_id

field of the MMTP packet.
9. The method of claim 1, wherein setting the values of
the MPEG-2 TS packet fields of the adaptation field com-
prises:
setting a random_access_indicator field to a value of ‘1’
when the MPEG-2 TS packet is a first packet generated
from the MMTP packets with a value of an ‘R’ field is
‘1’; and

setting an elementary_stream_priority_indicator field to a
value of ‘1’ when the MPEG-2 TS packet is converted
from the MMTP packets with a priority field smaller
than a threshold value.

10. The method of claim 1, wherein setting the values of
the MPEG-2 TS packet fields of the PES packets comprises:

setting a stream_id field to a value of an asset_type field

of the MMTP packet;

10

20

40

45

50

55

12
setting a PES_priority field to a value of ‘1’ when the
MPEG-2 TS packet is converted from the MMTP
packets with a priority field smaller than a threshold
value;

setting a data_alignment_indicator field to a value of ‘1°;

setting a PTS field to a value calculated from a compo-

sition time of media data; and

setting a DTS field to a value calculated from the decod-

ing time of the media data.

11. An apparatus for converting a moving picture expert
group (MPEG) media transport protocol (MMTP) stream
into a MPEG-2 transport stream (TS), the apparatus com-
prising:

a memory configured to store MMTP packets for the

MMTP stream;

processing circuitry operably connected to the memory,

the processing circuitry configured to:

apply restrictions to the MMTP packets for the MMTP
stream;

convert a presentation time and decoding time from a
coordinated universal time (UTC) based absolute
time to a program clock reference time (PCR) based
value;

when converting the MMTP stream to the MPEG-2 TS,
construct the MMTP stream based on MPEG-2 TS
rules without adding or removing data by using a
hypothetical receiver buffer model (HRBM);

determine, according to conversion rules using values
of the MMTP packets, (i) values of MPEG-2 TS
packet fields of a TS packet layer, (ii) an adaptation
field, and (iii) packetized elementary stream (PES)
packets; and

set the values of the MPEG-2 TS packet fields of the TS
packet layer according to the conversion rules.

12. The apparatus of claim 11, wherein one of the restric-
tions applied to the MMTP packets is that media track data
includes codec initialization information.

13. The apparatus of claim 11, wherein one of the restric-
tions applied to the MMTP packets is that a value of a
packet_id field of the MMTP packets is between 0x0010 and
Ox1FFE.

14. The apparatus of claim 11, wherein the processing
circuitry is further configured to combine a value specified
in a MPU_timestamp_descriptor that provides a presenta-
tion time of an earliest sample in a media processing unit
(MPU) in presentation order and a composition time relative
to an earliest sample in the MPU in presentation order
known by a movie fragment box data.

15. The apparatus of claim 14, wherein the processing
circuitry is further configured to calculate the presentation
time and the decoding time using

Pyrc — Turc

Ppcr = Tpcr + ] % 90,000 and

Dyrc = Turc

Dpcg = Tpcr + D x 90,000

where T,z is a value of a current PCR sample in 90 KHz,
T 7c 1s a value of a current time in UTC, Py, is a
value of a presentation time of a media data in 90 KHz,
P 7 1s a value of a presentation time in UTC, Dy is
a value of a decoding time of a media data in 90 KHz
referencing PCR, and D, is a value of a decoding
time in UTC.
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16. The apparatus of claim 11, wherein the processing
circuitry is further configured to:

read reconstructed media data from an MMTP decapsu-

lation buffer with a fixed rate, R; and
deliver MPEG-2TS packets to a transport buffer (IB,)
with a fixed rate R,

wherein R, is a rate increased from R . by a fixed amount
due to a MPEG-2 TS packet header overhead deter-
mined by the conversion of the presentation time and
the decoding time.
17. The apparatus of claim 16, wherein the processing
circuitry is further configured to empty the MMTP decap-
sulation buffer at each second before the data from a next
MMTP packet is delivered for conversion to the MMTP
decapsulation buffer.
18. The apparatus of claim 11, wherein the processing
circuitry is further configured to:
set a payload_unit_start_indicator field to a value of ‘1’
when the MPEG-2 TS packet is a first packet converted
from the MMTP packets with a value in an f_i field is
either ‘00’ or ‘017,

set a transport_priority field to a value of ‘1’ when the
MPEG-2 TS packet is converted from the MMTP
packets with a priority field smaller than a threshold
value; and
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set a PID field to a value of a packet_id field of the MMTP
packet.

19. The apparatus of claim 11, wherein the processing

circuitry is further configured to:

set a random_access_indicator field to a value of ‘1’ when
the MPEG-2 TS packet is a first packet generated from
the MMTP packets with a value of an ‘It” field is “1°;
and

set an elementary_stream_priority_indicator field to a
value of ‘1" if the MPEG-2 TS packet is converted from
the MMTP packets with a priority field smaller than a
threshold value.

20. The apparatus of claim 11, wherein the processing

circuitry is further configured to:

set a stream_id field to a value of an asset_type field of the
MMTP packet;

set a PES_priority field to a value of ‘1’ when the
MPEG-2 TS packet is converted from the MMTP
packets with a priority field smaller than a threshold
value;

set a data_alignment_indicator field to a value of “1°;

set a PTS field to a value calculated from a composition
time of media data; and

set a DTS field to a value calculated from the decoding
time of the media data.
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